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The Town of Cumberland faces increasing
development pressures
common to many
communities in southern and central
coastal Maine. Recognizing the significance
of ground water as a resource,
the Town is seeking to i~clude, as part of its
updated comprehensive plan, an assessment of the Town's present and potential
ground water resources and recommendations for preserving
and protecting
these
resources.
In response to an RFP dated January 8, 1988, Caswell, Eichler and
Hill, Inc. (CEH) prepared a proposal to conduct a community ground water study for
the Town (a copy of the proposal is included in Appendix A). The proposal was
subsequently
accepted by the Town, and this report is the result of our efforts.
Study_QQjectives

..

The proposal included in Appendix A describes
in detail the scope of work
undertaken in the study, but in brief the objectives
of the study included:
- evaluate the nature of the present
including the relative
significance
and potential
additional
significant
- define the principal
emphasis on recharge
water).

ground water resources
in the Town,
of bedrock versus surficial
aquifers
sources of ground water.

surficial
aquifer recharge areas in the Town (with an
to existing
or potential
significant
sources of ground

- summarize from available
information
the extent of present ground water
contamination
and potential
for future ground water contamination
in
the Town.
- evaluate
disposal

the potential
for ground water
systems (septic systems).

contamination

from subsurface

waste

- recommend and provide the technical
justification
for approaches to
protecting
and preserving
the Town's ground water resource,
including:
- approaches for minimizing the adverse
ground water quantity
and quality;

impacts

of development

recommendations for maximum safe housing densities
water supplies
from adverse impacts due to septic
and/or other causes;

on

to protect
ground
disposal systems

- recommendations for addressing
the long-term cumulative
development on the Town's ground water supplies.

impacts

of
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Methodology
The study was divided into two sections:
collection
of the basic geologic,
hydrologic,
and land use information
necessary to swnmarize the existing
ground
water resources
and present and potential
sources of ground water contamination,
and analysis
of the basic data to define ground water recharge areas, evaluate
present impacts of cumulative development on ground water quality
in the Town, and
make recommendations on approaches towards protecting
and preserving
the
community's ground water resources .

...

Published and unpublished
information
available
from the Maine Geological
Survey, Maine Department of Environmental Protection,
Maine Department of Human
Services,
and other appropriate
Federal and State agencies was reviewed and
compiled during the first
phase of the study, followed by limited field checking
of some compiled data.
A detailed
summary of the geology and ground water
hydrology of the Town was prepared based on this information.
A number of maps
(at a scale of 1:24,000, or 1 inch= 2,000 feet) were prepared during this phase
of the study.
These maps include:
-

surface drainage basins
surficial
geology
mapped sand and gravel aquifers
zones of high-yield
bedrock wells.

In addition,
potential
high-yield
bedrock fracture
zones were identified
from
an inspection
of 1:40,000 black-and-white
aerial photographs and compiled on the
map of zones of high-yield
bedrock wells.
As part of a discussion
of ground water quality,
information
on background
water quality in Maine and natural
sources contributing
to poor ground water
quality was collected.
Information
available
from the Maine Department of
Environmental Protection,
Maine Department of Transportation,
and Maine Department
of Agriculture
was combined with information
obtained from the Town and a field
reconnaissance
to provide a list of existing
and potential
man-made sources of
ground water contamination.
This information
was also compiled on a map at a
scale of 1:24,000.
Finally,
areas served by municipal water and municipal sewers were compiled
on a single map, and information
on existing
housing density and estimated
waste discharge rates were used to construct
a map of septic loading rates in
non-sewered areas in the Town.
In the second phase of the study, basic information
on the surficial
geology
of the Town was combined with available
studies on ground water recharge in
the Northeast to map zones of potential
ground water recharge in the Town. This
map was combined with the maps of surface drainage basins and significant
sand and
gravel aquifers
to define areas of potential
ground water recharge to significant
sand and gravel aquifers.

,..,, t .._,_
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Using values
estimate of total

of potential
ground water

ground water recharge on Chebeaque Island,
an
resource available
on the island was made.

As part of general discussion
of ground water contamination,
methods for
minimizing the potential
for ground water contamination
was prepared using
information
obtained from the Maine Department of EnvironmentBl Protection
and
based on our own experience
in dealing with instances
of ground water
contamination .
The map of zones
safe housing densities
soil type.
The total
waste discharge
rates
selected portions
of

..

of potential
ground water recharge was also used to evaluate
in non-sewered areas as a function of surficial
geology/
septic loading calculated
from housing density and estimated
was used to evaluate the cumulative impact of development in
the Town.

Finally,
in preparing
recommendations on approaches to preserving
and
protecting
the Town's ground water resources,
we met with representatives
from
State agencies and regional
planning organizations
to look at efforts
made in
other towns and review generic or model language developed to aid communities
involved in resource preservation.
This information
was incorporated
in our
recommendations for updating the Town's zoning and subdivision
ordinances.
Report organization
This report is organized into 6 chapters
and number of appendices.
chapters in the main section of the report cover:

The

- introduction
and background
- geologic and hydrologic
setting
- ground water resources
(including
ground water recharge zones and
estimates
of ground water recharge)
- ground water quality
(including
a sUIIDI1aryof background water
quality,
existing
and potential
sources of ground water
contamination,
and the discussions
on minimizing ground water
contamination.)
- housing density,
septic loading rates,
and cumulative impacts on
ground water quality
- recommendations on aquifer and recharge zone protection
and
revisions
to Town zoning and subdivision
ordinances.
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The appendices
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include:

- a copy of our proposal to the Town of Cumberland
- an annotated bibliography
of published geologic and hydrologic
information
available
from State and Federal agencies
- USDAsoil maps for Cumberland
- a summary of hazardous materials
registered
by Cumberland businesses
with the State Department of Labor Bureau of Safety Standards and a
copy of the Maine Department of Environmental
Protection
list of
registered
underground storage tanks
- fact sheets on pesticides
and herbicides
commonly used in
agriculture
and road spray programs
- a description
of techniques used for evaluating
local impacts of
septic waste disposal on ground water quality

..

The basic
as plates

data and derivative
maps at a scale
in the back of the report.

of 1 inch=

2,000 feet

are included

.
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Chapter

2:

Geologic

An annotated bibliography
of sources
information
is included in Appendix C.
Location

Em<l

hy<lrologic

of geologic

setting

and hydrologic

and climate

The Town of Cumberland is a coastal community located on Casco Bay
approximately
10 miles north of Portland (Figure 1).
In addition to the portion
of Cumberland on the mainland, Sturdivent
Island, Basket Island, Hope Island,
Great Chebeague Island, and several smaller islands are also part of the Town.
Great Chebeague Island supports significant
year-round and seasonal populations.
i·I

Cumberland is located in the Seaboard Lowland section of the New England
physiographic
province (Fenneman, 1938).
The Seaboard Lowland section rises
unformly from sea level to an elevation
of about 300-400 feet above mean sea level
(MSL). The maximum elevations
in Cumberland are slightly
in excess of 400 feet
MSL on Bruce Hill in the northwestern
portion of the Town.
The climate of this portion of the Maine coast is classified
as maritime
polar.
Annual precipitation
is in the range 42-44 inches (Knox and Nordenson,
1955), relatively
evenly distributed
throughout the year but with a slight maximum
in the winter months.
Bedrock geology

"

The bedrock geology of southern Coastal Maine is dominated by a number of
very different
structural
and stratigraphic
belts (see Osberg et al., 1985, for an
overview of the distribution
of these belts).
(For a sunnnary of the geologic
history of the State, see Loiselle and Thompson, 1987).
With the exception of the
islands,
Cumberland lies almost entirely
within the Central Maine Synclinorium,
a
belt of deformed and metamorphosed Lower and Middle Paleozoic
(450 million to 400
million year old) sediments intruded by Middle and Late Paleozoic igneous rocks
(primarily
granites
ranging in age from 400 to 320 million years old).
A thin
sliver of the coast south of Broad Cove and the islands lie in the Coastal
Lithotectonic
Belt, specifically
the Falmouth-Brunswick
Belt of Hussey (1985).
The rocks in this belt are older (Precambrian(?)
to Early Paleozoic;
greater than
650 million years to 450 million years old), but have been deformed and
metamorphosed in a manner comparable to the rocks in the Central Maine
Synclinorium.
The significance
of the bedrock geology lies in the fact that the majority
domestic water wells in Cumberland (and in Maine as a whole) are bedrock wells.
They are drilled
into bedrock (ledge) and pump ground water that has been in
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contact with the bedrock for a considerable
period of time.
The quality of this
ground water is in part a function of the nature of the bedrock.
This is
especially
significant
in the northwestern
portions
of Cumberland where the
bedrock is granite of the Sebago batholith,
and elevated concentrations
of radon
in the ground water are possible
(see the chapter on Ground Water Quality below).
Surficial

geology

There is a long break in the geologic record in southern Coastal Maine, from
approximately
the middle of the Late Paleozoic Era (roughly 320 million years ago)
until the Late Quaternary Period (roughly 10,000 to 12,000 years ago).
During the
Quaternary Period several periods of continental
glaciation
covered Maine with
extensive ice sheets.
The surficial
deposits present in Coastal Maine (various
types of unconsolidated
deposits
of clay, silt,
sand, and gravel) were formed
either during these episodes of glaciation
or immediately following the retreat
of
the ice sheet from Coastal Maine.
(Loiselle
and Thompson, 1987, provide and
overview of the geologic history
of the State; Thompson, 1979, provides a more
detailed
description
of the surficial
geology of Coastal Maine).
Surficial
lB, Surficial
to youngest):

deposits
Geology).

in Cumberland fall into 5 categories
(see Plates lA and
Three of these are extensive.
They include (from oldest

- glacial
till,
a poorly sorted mixture of sand,
boulders (symbol "Qt" on the surficial
geologic
are present in the Cumberland region.
The first
lodgement till,
a dense, compact till
deposited
is fine grained and difficult
to excavate,
and
"hardpan".
It contains
more silt and clay than
ablation
till.

silt,
clay, gravel and
map). Two types of till
of these is basal or
beneath an ice sheet.
It
is commonly called
the second type of till,

Ablation till
is formed when ice melts in place, leaving behind deposits of
poorly sorted materials
that were carried within the glacier.
Ablation
till
is looser and more sandy than basal till,
easier to excavate,
and may
contain more boulders than basal till.
This type of till may grade locally
to water-washed deposits
of sand and gravel because water from the melting
ice was present in its depositional
environment.
Glacial till
is relatively
generally
occurs at higher

uniformly
elevations

distributed
throughout
(the tops of ridges).

Cumberland,

and

- glacial
outwash deposits,
moderately to well sorted deposits of primarily
sand and gravel formed as the glaciers
receded from Coastal Maine (symbol
"Qg" on the surficial
geologic map). These deposits may include a number
of distinct
types grouped according to their local environment of
deposition,
but they all possess characteristics
of sorting and deposition
by glacial rneltwater.

¥,
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The extensive
sand and gravel deposits shown on the surficial
geologic map
of Cumberland (Plate lA) were most likely formed as marine deltas,
deposited
directly
from the ice margin into the encroaching
Atlantic
Ocean
as the ice retreated.
As documented on the Maine Geological
Survey
Hydrogeologic
Data for Significant
Sand and Gravel Aquifers - Map 11
(Williams and Lanctot,
1985), these deposits may·be up to 70 feet thick in
places,
and may yield significant
quantities
of ground water to properly
constructed
wells.
The most extensive
deposits
of sand and gravel are present
northwestern
portion of the Town, although smaller deposits
the Coast.
These deposits
tend to occupy middle elevations
flanks of hills
and ridges.

in the
occur nearer
along the

to

- glacial
marine clay (Presumpscot Formation),
deposits
of silt,
clay, and
fine sand deposited
in a marine environment offshore
from the retreating
ice margin (symbol "Qp" on the surficial
geologic map).
These deposits
are
extensive
along the Maine coast, and may extend far inland along river and
stream valleys.
These deposits
generally
have flat or gently sloping
surfaces
where not dissected
by stream erosion.
Post-glacial
erosion has
produced steep-walled
gullies
in some places,
and these deposits
are prone
to landslides
and slumps where the banks have become over-steepened.
The
thickness
of the Presumpscot Formation may vary greatly
over short
distances,
since these fine marine deposits
tended to fill
any depressions
on the ocean floor.
The marine deposits
are generally
present at lower elevations,
and overlie
both till
and glacial
outwash deposits.
On the map of hydrologic
data for
significant
sand and gravel aquifers,
aquifer has been mapped below
deposits
of marine silt and clay based on well logs and well yields.
In addition
to these three type of deposits,
two other type of surficial
deposits are present.
One of these is Recent swamp and tidal marsh deposits,
generally
consisting
of peat, silt,
clay, and sand (symbol "Qs" on the surficial
geologic map). They were formed by the accumulation
of sediments and organic
material
in poorly drained depressions,
most commonly on till
or marine clay.
The other is stream alluvium deposits
(symbol "Qal" on the surficial
map). These consist of flood-plain
and stream-terrace
deposits
of sand,
and silt,
and were formed on flood plains and stream beds by post-glacial

geologic
gravel,
streams.

A sixth surficial
deposit is present on Chebeague Island,
namely
Quaternary beach deposits
formed along sheltered
stretches
of the coast.
These
have not been shown on Plate lB due to the small area they cover and the fact that
they are not significant
when considering
the hydrogeology of the island.
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As well as providing a significant
ground water resource in the form of
sand-and-gravel
aquifers,
the surficial
materials
have a direct
impact on ground
water recharge and ground water quality
through their hydraulic
properties
and
drainage characteristics.
This will become more evident in the chapters dealing
with ground water resources
and recharge and ground wat~r quality.
Soils

Soil is formed through the interaction
of five principal
soil-forming
factors:
climate,
parent material,
plant and animal life,
topography,
and time
(Hedstrom, 1974).
The processes
of soil formation are only active in the upper 24
to 48 inches of the soil profile
in Maine.
Below these depths, the parent
material
is little
affected
by the process of soil formation.
Since parent material
is only one of a number of factors
affecting
soil
formation,
the soils map for Cumberland is much more complex than the surficial
geologic map (Plates lA and lB).
Copies of the USDA-SCSsoils maps for Cumberland
are included in Appendix C. Of the remaining 4 soil formation factors,
topography
has the greatest
impact on the practical
utilization
of land for agriculture,
development, subsurface
waste disposal,
etc., because many of these activities
are
limited by slope or drainage.
In particular,
the suitability
of a soil for
subsurface waste disposal
is dependant in part on the depth to the seasonal high
water table, which is very strongly
influenced
by the local topography.
For this
reason soils developed in identical
parent materials
(for example, glacial
till)
may be suitable
for waste disposal
on moderate slopes but unsuitable
on low, flat
areas where surface drainage is poor.
Table 1 is a cross-comparison
of mapped
soil units in Cumberland with their parent material
and likely soil profile
classified
according to the Maine State Subsurface Wastewater Disposal Rules
(State Plumbing Code).
This table can be used to identify
the parent material
and
probable USDA-SCSsoil type from the soil profile
on a site evaluation
form

(HHE-200).
While soil properties
in the upper 24 to 48 inches may strongly
influence
land utilization,
the bulk hydraulic
properties
of the parent material
are much
more significant
when considering
ground water recharge or ground water resources.
As a result,
the distribution
of surficial
materials
shown on Plate 1 is more
important when considering
recharge areas or potential
ground water resources,
and
the emphasis in the remainder of this report will be on these surficial
materials
as opposed to soils .

•
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Drainage
Plates 2A and 2B are maps of surface drainage for the mainland portion of the
Town of Cumberland and Chebeague Island.
Primary drainage divides are shown as
heavy lines;
secondary drainage divides are shown as lighter
black lines.
Each
basin has been named for the principal
river or stream-bf
some cultural
feature.
In general,
the direction
of ground water flow is determined by the principal
surface drainage features
(lakes,
rivers,
and streams),
and identifying
the
primary and secondary drainage basins is important in identifying
ground water
recharge areas to significant
sand and gravel aquifers.
In addition,
estimating
the average, long-term ground water quality in a drainage basin is one means of
evaluating
the cumulative
impacts of development in an area.
The central
portion of the Town is drained by the East Branch of the
Piscataqua
River.
This upper portions
of this drainage basin lie almost entirely
within the Town of Cumberland, with only a small portion lying in Yarmouth and
North Yarmouth.
The northwestern
portions
of the Town are part of the Piscataqua
River drainage,
with the bulk of the upper portion of the basin lying to the north
of Cumberland.
Two small secondary drainage basins lie almost entirely
within the
Town, however, and these have been outlined
and named Methodist Road and Northwest
Cumberland.
In the southeastern
portion of the town, the immediate coastal
strip drains
directly
into Casco Bay by either overland flow or a series of small, intermittent
streams in erosion gullies.
The Cumberland Foreside region comprises the lower
80%(+/-) of a small basin discharging
into Broad Cove. The remaining area
contains the upper portions
of the Chenery Brook drainage basin.
Chebeague Island is divided into a number of small areas with direct
discharge into Casco Bay. There is no network of well defined perennial
streams
on the Island.
As discussed below, drainage basins do not play as important a
role when determining
ground water recharge or long-term average ground water
quality on the island as they do on the mainland .

•
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Table 1: Comparison of USDAmapped soil types, parent surficial
materials,
and Maine State Plumbing Code soil profiles

New name (Old name)

Glacial

parent

Adams (Windsor)

Glacial

outwash

Biddeford

Marine sediment

Brayton

(Biddeford)
(Ridgebury)

Stratified

drift

Compact glacial

till

Glacial

till

Lacustrine/marine

Colton

Glacial

Stratified

outwash

- 6B

Alluvial

Croghan (Deerfield)

Glacial

Elmwood (Elmwood)

Glacio-fluvial

Finch (Saugatuck)

Glacial

outwash

Stratified

Hermon (Hermon)

Glacial

till

Glacial

till

- 4B/4C

(Cannan)
Lyman (Hollis)

till
till
till

Glacial

till

Lyman (Lyman)

Glacial
Glacial
Glacial

- 3A
- 3A
- 3A

Marlow (Paxton)

Compact glacial

Glacial

till

- 3C/3D

Melrose

Glacio-fluvial

Mixed origin

- 7C/7D

Moosilauke

(Walpole)

Alluvial

drift

- 9C/9D

Charles-Medomak
(Limerick-Saco)

(Melrose)

deposits

- 9D

- 3D(?)/3E(?)

Marine sediment
Marine sediment

(Hinckley)

- 5B/5C

Lacustrine/marine

Buxton (Buxton)
Buxton (Suffield)

Lyman

•

Ma{ne State Plumbing Code
Soil Profiles*

outwash

- 11

Stratified
deposits

till
deposits

drift

Mixed origin

- 5C/5D

- 7C/7D
drift

- 5D

Glacial

outwash

Stratified
drift
- 5D(?)/5E(?)

Naumberg (Au Gres)

Glacial

outwash

Stratified

Nicholville

Marine sediments

(Belgrade)

Peru (Peru)
Peru (Woodbridge)

Compact glacial
Compact glacial

drift

Lacustrine/marine
till
till

Glacial

till

- 5D
- BC

- 3C(?)/3D(?)

,::: _,. Page 11
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Table 1 (continued):
surficial
materials,
New name (Old name)

Glacial

Podunk (Podunk)

-------------Alluvial
deposits

Salmon (Hartland)

Marine deposits

Lacustrine/marine

- 8B/8C

Scantic

(Scantic)

Marine deposits

Lacustrine/marine

- 9D/9E

Stetson

(Merrimac)

Glacial

Stratified

Rumney (Rumney)

Alluvial

Searsport

Glacial

(Scarboro)

parent

Maine State Plumbing Code
Soil Profiles*

outwash
deposits
outwash

--------------Alluvial

Alluvial

- 11

drift

- 5B(?)

- 11

Stratified

drift

- 5D/5E

Sebago (Sebago)

Marine deposits

Swanton (Swanton)

Glacio-fluvial

deposits

Mixed origin

- 7D/7E

Whately (Whately)

Glacio-fluvial

deposits

Mixed origin

- 7D/7E

*

•

Comparison of USDAmapped soil types, parent
and Maine State Plumbing Code soil profiles

Organic

Soil profiles
from Table 6-1, State of Maine Subsurface
Rules, 10-144A CMR241, pages 6.2 and 6.3 .
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Introduction

Established
thinking tends to define "ground water resources"
in terms of
aquifer materials
capable of supplying large quantities
of water for long periods.
The classic
examples of this type of ground water resource in Maine are the coarse
grained glacial
deposits
that make up the significant
sand and gravel aquifers.
This category of aquifer is justifiably
considered
a major economic and natural
resource,
and considerable
time and effort has gone into mapping and evaluating
this resource and developing regulations
to protect
it.
While these sand and gravel aquifers
are very important in providing
large
scale municipal and commercial users, nearly all of the rural or semi-rural
population
in Maine depends on private wells and springs for their water supply.
In Cumberland, over 80% of the area is not served by a municipal water supply and
is dependant on private
ground water supplies.
These private
supplies may be
either dug wells or well points in suitable
surficial
deposits
or drilled
bedrock
wells.
The fact that a large percentage
of the Town is underlain
by glacial
outwash deposits
(see Plate lA) has produced a larger than average (for Maine)
dependance on dug wells and well points in these unconsolidated
deposits,
but most
new private water supplies
are drilled
bedrock wells.
In this study we have compiled information
on the significant
sand and gravel
aquifers
in the Town and the ground water resource they represent,
but we have
also considered
the bedrock aquifer ground water resource.
Definition
and
evaluation
of "significant"
bedrock aquifers
is much more difficult
than for
surficial
aquifers,
and we do not make specific
recommendations
for defining
or
protecting
areas that may be significant
bedrock aquifers.
However, we do feel
that this type of ground water resource deserves additional
attention,
especially
as development pressures
lead to greater use of bedrock wells in rural and
semi-rural
areas distant
from municipal water supplies
and on Chebeague Island
where bedrock wells constitute
the dominant ground water resource.
The Ground Water Handbook for the State of Maine (Caswell,
1987), published
by the Maine Geological
Survey, provides an excellent
introduction
to the nature
of these two ground water resources,
how they are utilized,
and typical
problems
encountered with ground water supplies
in Maine .

•

•
Surficial

aquifer

ground water resources

(sand and gravel

---
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aquifers)

Plate 3 is a map of significant
sand and gravel aquifers
in the Town of
Cumberland and adjoining
areas as mapped by the Maine Geological
Survey, U.S.
Geological Survey, and Maine Department of Environmental
Protection.
As defined
by the Maine Legislature,
a significant
aquifer is one-that
will yield 10 gallons
per minute (GPM) or more of water to a properly constructed
well.
The
distribution
of significant
aquifers
on Plate 3 was taken from Hydrogeologic
Data
for Significant
Sand and Gravel Aquifers - Map 11 (Williams et al., 1985).
An
accompanying report (Tepper et al., 1985) provides additional
information
on the
stratigraphy,
hydraulic
properties,
and background water quality
of sand and
gravel aquifers
southcentral
Maine.
Significant
sand and gravel aquifers
in Cumberland are located west of the
Central Maine Railroad lines passing through Cumberland Center.
A comparison of
Plate 3 with Plate lA shows that there are glacial
outwash deposits
(Qg on the
surficial
geologic map) east of Cumberland Center, but these deposits were not
sufficiently
coarse or lacked sufficient
thickness,
lateral
extent,
or source of
ground water recharge to be classified
as sand and gravel aquifers.
There are no
significant
sand and gravel aquifers
present on Chebeague Island.
In the central
portions
of the Town, there are areas mapped as sand and
gravel aquifer that are apparently
overlain by deposits
of marine silt and clay.
These areas have been mapped on the basis of well logs that reveal significant
thicknesses
of sand and gravel beneath the marine deposits,
and on the basis of
yields from established
wells.
In places,
however, the contacts
between "aquifer"
and "non-aquifer"
has been drawn on limited information.
Since Maine statute
provides protection
for areas mapped as sand as gravel aquifer by the Maine
Geological Survey, we have chosen not to modify the boundaries
of the aquifers
on
Plate 3. To do so could produce conflict
between protective
measures adopted by
the Town and existing
State protective
measures.
The Department of Environmental
Protection
considers
the definition
of an area as a significant
sand and gravel
aquifer a "rebuttable
presumption;
i.e.,
in the absence of additional
information
regulations
pertaining
to development on a mapped aquifer will be adhered to, but
if an applicant
can provide new and more detailed
information
disputing
the
classification
as an aquifer,
the regulations
may be relaxed.
We recommend that
the Town adopt a similar approach if it chooses to enact aquifer and ground water
recharge area protective
measures.
At the present time, both the Portland Water District
and the Yarmouth Water
District
are pumping large quantities
of ground water from the aquifer.
The
Portland Water District
wells are located on the Cumberland-North
Yarmouth town
line, near Greely and Doughty Roads.
The Yarmouth Water District
wells are
located in North Yarmouth, approximately
2 miles north of the town line.
Gerber (1978) defined the recharge areas for these two well fields.
Numerous
older dug wells and well points serve private businesses
and homes on and adjacent
to the area mapped as aquifer.
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Local water

table

effects

As part of this study, we were asked to examine several areas in the Town
where water levels in some dug wells, shallow ponds, and gravel pits have been
dropping over the past 5-10 years.
These areas includ~_Blanchard
Pond, the gravel
pits north of the fairground,
the area south of Oak Ridge Road, and West
Cumberland.
The gravel pits north of the fairgrounds
provides the best illustration
a
situation
apparently
common to all of these areas.
All of the areas are in the
upgradient
portions
of surface drainage basins,
at or near the surface
drainage (and ground water) divide.
In all cases there has been considerable
single-family
home development upgradient
of the wells, ponds, or pits
experiencing
lower water levels in the past 5-10 years, and the dominant source of
water for these homes has come from drilled
bedrock wells.
We feel that the
cumulative impacts of development and withdrawals
from these wells have reduced
ground water recharge that formerly maintained the water levels in the surficial
materials
downgradient from the development,
lowering the water table several feet
or more in the surficial
materials.
The locations
at or near divides is
significant,
because the effects
of reduced recharge will be greatest
at the
divides.
It is not possible
available
at this time,
to the pits north of the
and Valley Road suggests
unreasonable.

to prove this interpretation
with the information
but a rough estimate of the percent reduction
in recharge
fairgrounds
due to the development along Bruce Hill Road
reductions
of up to 2 feet in the overburden may not be

We also feel that is is significant
that West Cumberland is an area with a
number of high-yield
bedrock wells, suggesting
good connection between the bedrock
and the overlying
sand and gravel deposits.
As a result,
the bulk of the water
recharging
the bedrock comes from these deposits.
As discussed below, we recommend that any additional
subdivisions
that
receive a waiver for private water supplies
demonstrate
that the cumulative impact
of ground water withdrawals
will not have an adverse impact on local ground water
levels and availability
of ground water supplies.
Bedrock aquifer

ground water

resources

Using a comparable definition
of a significant
aquifer,
zones with bedrock
wells yielding
in excess of greater
than 10 GPMcan be considered
significant
bedrock aquifers.
The emphasis is on the term zone, because the occurrence
an
individual
high yield bedrock well is not adequate to provide any assurance that
additional
bedrock wells in the immediate vicinity
will also provide good yields.

·,
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While surficial
aquifers
(sand and gravel aquifers)
rely on the primary
porosity
of the material
to provide storage and pathways for ground to flow to
the well, the primary porosity of bedrock is essentially
zero.
In bedrock, ground
water is stored in and moves through fractures
that produce secondary porosity
in
the rock.
A zone of enhanced secondary porosity with an adequate source of ground
water recharge is a good working definition
of a "sign{ficant
bedrock aquifer".
Unfortunately,
while the primary porosity
of coarse glacial
outwash deposits
can
be observed in test pits and well logs, zones of enhanced secondary porosity
in
bedrock cannot be easily mapped. As a result,
zones of high-yield
bedrock wells
have been mapped using well yield information
obtained from well drillers.
This
empirical
approach was used by the Maine Geological Survey in the 1970s to map
zones of high-yield
bedrock wells based on well inventory information
obtained
from well drillers.
Compilation of bedrock well yields and contouring
clusters
of
high-yield
wells provides an empirical
definition
of zones of high-yield
bedrock
wells.
Remote sensing techniques can be used to map possible bedrock fracture
zones
which may be zones of enhanced secondary porosity.
Fracture zones in bedrock
weather more readily that unfractured
bedrock, and the resulting
slight
changes
in topography,
increases
in soil thickness
and moisture,
and other factors
can
produce roughly linear features
that can be observed on aerial photographs,
radar
images, satellite
images, etc.
There is not a one-to-one
correlation
between
natural
linear features
observed on photographs and radar images and zones with
greater than average porosity and transmissivity,
however.
In addition,
a source
of ground water recharge to the zone must also be present.
As a result,
potential
zones of high-yield
bedrock wells defined by these remote sensing techniques
must
be verified
by drilling
and pumping.
Plates 4A and 4B are empirical
zones of high-yield
bedrock wells drawn
using well data taken from the Maine Geological Survey Ground Water Resource Map
for Cumberland County (Caswell and Lanctot,
1976; revised 1978) and from the
present unpublished bedrock well inventory maintained by the Survey.
The addition
of high-yield
(greater
than 10 GPM) bedrock wells from the present State well
inventory required that the zone boundaries presented on Caswell and Lanctot
(1976, 1978) be modified to incorporate
this new information.
The compilations
also show major linear features
observed on high-altitude
radar images of Coastal Maine (taken from CEH, Inc., 1986) and photolinears
mapped
on medium- and low-altitude
black-and-white
aerial photographs specifically
for
this study.
On the mainland, the lineaments mapped from the radar imagery show
the dominant north-northwest
structural
grain present in Coastal Maine.
This same
trend is observed on the black-and-white
areal photographs,
with a strong
east-northeast
component present as well.
A number of elongate zones of
high-yield
bedrock wells are present aligned roughly parallel
to the
north-northwest
set of linear features.
The two major zones in Cumberland are in
West Cumberland, south and east of Forest lake, and from Cumberland Junction north
to just west of Cumberland Center.

..,.
~
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On Chebeague Island, the same north-northwest
and east-northeast
trending
linear features
were observed in the aerial photographs.
The bedrock well
inventory data shows two major zones of high-yield
wells on the eastern and
western thirds of the island.
Ground water

recharge

Ground water

recharge

zones

Recharge to ground water occurs through infiltration
of precipitation
- rain
and snowmelt - through the unsaturated
overburden to the water table.
The percentage
of precipitation
that infiltrates
to the water table is dependant
on a number of factors,
including the permeability
of surficial
materials,
the
slope, and the vegetation
present.
Precipitation
losses may occur through surface
runoff, evaporation,
and plant transpiration
(since these last two factors
are
practically
impossible to separate
in the field,
the term "evapotranspiration"
is
used to describe the combined losses from these factors).
The greatest
amounts of
recharge to ground water will occur on flat,
highly permeable deposits with depth
to water table greater than 10 feet; the lowest amounts of recharge will occur on
sloping deposits of low permeability
marine silt and clay or in areas of
extensive development where a large percentage
of the area has been built on or
paved, etc.
Estimates of ground water recharge over various surficial
materials
ranges
from up to 50% of annual precipitation
(up tp 2.0 feet/year)
in areas of sand and
gravel to less than 10-15% of annual precipitation
(0.4-0.5
feet/year)
over areas
of marine silt and clay or thin surficial
deposits
overlying bedrock (MacNish and
Randall, 1982; Petersen,
1987; CEH, unpublished
studies).
Ground water recharge
through moderate to thick deposits
of till may range from 0.5 to 1.0 feet per year
(Morrissey,
1983; CEH, unpublished
studies).
Plate 4, showing potential
ground
water recharge rates in the mainalnd portion of Cumberland, was derived from the
surficial
geologic map by grouping minor surficial
deposits with the three major
deposits that cover the bulk of the Town, and assigning
the appropriate
range of
ground water recharge rate to each unit. This results
in zones of low,
intermediate,
and high rates of potential
recharge to ground water.
These rates
may be modified by surface runoff effects.
For example, runoff from a till
slope
into an outwash valley may then infiltrate
directly
into the coarser sand and
gravel deposits.
Studies by Randall (1978) and Morrissey (personal communication)
indicate
that recharge from this source may exceed recharge from precipitation
in
some cases .

•

When dealing with high-yield
wells in sand and gravel deposits,
we must also
consider the possibility
of induced infiltration
from surface water bodies
adjacent to the well field.
This is a major factor in locating suitable
sites for
high-yield
municipal or commercial wells.
When dealing with individual
wells or
clusters
of wells, more detailed
methods to determine the actual contributing
area
that provides water to the well should be used (Morrissey,
1986).
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Recharge to bedrock occurs through the same general mechanism, except that
more porous and permeable surficial
deposits overlying
the bedrock may act as
storage buffers
for the much less porous and permeable bedrock, supplying water to
the bedrock as it is pumped from fractures.
Zones of enhanced secondary porosity
in bedrock with overlying
coarse glacial
deposits
have greatest
potential
as zones
of high-yield
bedrock wells (for example, the West Cumoerland area).
Areas actually
contributing
water to bedrock wells are more difficult
to
determine than for surficial
aquifers.
While some oft.he water must almost
certainly
come from the overburden in the immediate vicinity
of the well, a
bedrock well can reach out for thousands of feet along more transmssive
fracture
zones when the water level in the well is lowered by pumping.
The zone of
contribution
to the well may be more irregular
in shape than for a well in
surficial
deposits,
and the shape may be controlled
more by the orientation
and
transmissivity
of fracture
zones than by classic
hydrologic
considerations.
As a
result,
we have not attempted to determine recharge areas for these zones of
high-yield
bedrock wells.
In absence of pumping, shallow ground water flow in the overburden
is controlled
by topography and major surface water features.
This was the reason
for delineating
the major surface drainage basins.
In areas of coarse glacial
surficial
deposits with low slopes, however, it may be difficult
to predict
direction
of shallow ground water flow accurately
(for example near Forest Lake in
West Cumberland and near Cumberland Center).
The surface drainage divides on
Plate 2A are used as the ground water divides in this study, however.
Zones of potential

ground water

recharge

to surficial

aquifers

With this as background, we determined zones of potential
ground water
recharge to significant
sand and gravel aquifers
by combining the map of surface
drainage basins (Plate 2A) with the mapped sand and gravel aquifers
(Plate 3). The
resulting
map (Plate 5) shows the areas that are topographically
and hydraulically
upgradient
of the mapped significant
sand and gravel aquifers.
These areas are
divided into zones where generalized
ground water flow lines indicate
surface
water runoff or ground water flux directly
into the mapped aquifer versus zones
where the flow lines indicate
probable discharge
to surface water in the basin
above the aquifer.
In addition,
the areas of the mapped aquifer where sand and
gravel is exposed at the surface must be considered
primary recharge areas for the
aquifer.
Areas of aquifer overlain by marine silt and clay are generally
at lower
elevations
than (and downgradient of) the bulk of the aquifer,
and are not as
significant
areas of recharge.

'.'
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Based on this
zones of potential
aquifers:

designation,
we arrive at the following
classification
ground water recharge to significant
sand and gravel

- Type IA zones of primary
exposed at the surface.
included in this zone.

recharge:
mapped aquifer with
Small inliers
of other-surficial

~
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of

sand and gravel
deposits may be

Type IB zones of primary recharge:
areas upgradient
of mapped sand
and gravel aquifer where generalized
flow lines indicate
surface water
runoff or ground water flux directly
into the aquifer.
These areas include
all types of surficial
materials
because surface runoff from relatively
impermeable deposits
upslope of an aquifer may provide recharge to coarse
aquifer materials
exposed at the surface downslope.
- Type II zones of secondary recharge:
areas upgradient
of mapped aquifer
where flow lines indicate
probable ground water discharge
to surface water
prior to affecting
the mapped aquifer.
Recharge and surface runoff from
these areas will affect surface water quality which may have an impact on
the aquifer if recharge is induced from the river,
stream, or lake at a
later date.
- Type III zones of secondary recharge:
marine silt and clay deposits.
These
elevations
than (and downgradient of)
in the aquifer could produce downward
confining material
and induce recharge

areas of
areas are
the bulk
vertical
from the

mapped aquifer overlain by
generally
at lower
of the aquifer,
but pumping
gradients
in this overlying
confining
layer.

These determinations
do not take into account length of ground water flow
path or travel time to aquifer
(or well).
These recharge zones were determined
assuming that activities
within the recharge zone will have an impact on water
quality in the aquifer,
and the designation
(IA, IB, II, or III) depends on the
nature of the impact: direct or indirect.
These recharge zones should not be
confused with zones of contribution
to existing
or planned high-yield
rninicipal
wells (Morrissey,
1986).
Specific
recommendations for the protection
of the aquifer and zones of
potential
ground water recharge to the aquifer are presented
in a later
section
(see Recommendations below).
Ground water

resources

on Chebeague

Island

The dominant (if not exclusive)
ground water resource on Chebeague Island is
ground water derived from private bedrock wells.
Springs may be significant
in
some cases.
As shown on Plate 4B, a significant
number of high-yield
wells allows
delineation
of two major zones of high-yield
wells on the island.
Springs
generally
occur at lower elevations
on the eastern side of the island.
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As discussed
above, areas contributing
recharge to bedrock wells are
difficult
to determine.
The orientation
of transmissive
fracture
zones may play a
significant
role in determining
the sources of water to a well.
Surface drainage
divides may not be hydraulic
barriers
to deep bedrock ground water flow under
gradients
induced by pumping a bedrock well.
So while areas immediately
upgradient
of a well are likely to provide the bulk of ·the wa,ter to a bedrock
well, there may be significant
contribution
from areas lateral
or downgradient
from the well, and for wells adjacent
to surface drainage divides from areas on
other side of divide.
Where surficial
deposits
are thick and sufficiently
porous
and permeable, these deposits may as storage buffers to bedrock ground water
withdrawals.
One fact can be stated with certainty:
there is no source of ground water
recharge outside of Chebeaque Island.
The total available
ground water
resource on the island is limited by the area of the island and rate of ground
water recharge.
The island is dominated by areas of thin to moderately thick
deposits of glacial
till
over bedrock.
There are limited deposits
of glacial
outwash and/or marine sediments.
The ground water recharge rate is most probably
the range of 6 to 9 inches (0.5 to 0.75 feet) per square foot per year.
The area
of the island is 2.96484 square miles, equal to 82,655,000 square feet (Atwood,
1946).
Based on these values,
the total annual ground water recharge is
in the range 4.13-6.20
x 107 cubic feet equal to 3.09-4.64 x 108 gallons equal to
1.17-1.76 x 109 liters.
Assuming a moderate use of 120 gallons per day per
bedroom (GPD/bedroom) (from the State Plumbing Code), this recharge could support
between 7,050 and 10,600 bedrooms.
It is difficult
to gauge the accuracy of this
estimate because the State Plumbing Code moderate discharge
of 120 GPD/bedroom
may be high, and seasonal use would tend to further
decrease water usage.
Conversely,
this recharge is not evenly distributed
over the island.
The greates
proportion
of recharge occurs in the central
uplands on the island,
lesser amounts
occur on northeastern
and southwestern
tips, and much of the recharge discharges
into Casco Bay without amy possibility
of being utilized.
In short, while this
estimate of the potential
ground water resource is interesting,
it is not
especially
helpful in making decisions
on development in specific
sections
of the
island.
Since ground water recharge (which equals the ground water resource)
is not
evenly distributed,
some areas of the island may experience problems due to
limited supplies
(salt water intrusion,
adverse impacts on adjacent wells, etc.)
sooner than others.
The problem of salt water intrusion
is discussed
in
more detail
in the chapter on ground water quality
Problems of well interference
and overall
lowering of the water table are related
to the hydraulic
connection
between two adjacent bedrock wells and the total recharge available
in an area.
"

If two (or more) wells penetrate
the same fracture
zones, they may have
adverse impact (or interference)
on each other when pumped. The potential
for well interference
cannot be predicted
beforehand.
The most reasonable
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approach is to maintain the maximum distance between wells, keep pumping rates
low, hope for the best.
Well interference
can sometimes be remedied by deepening
existing
wells to increase pump depth, but this is limited by the thickness
of
fresh water lens (see section on salt water intrusion).
Any well intended to
service cluster
development (which would require withdrawals
greater than for
average single-family
or two-family homes) should be required to demonstrate
it
will produce no adverse impact on adjacent existing
wells (see
Recommendations
below).
This applies to the mainland as well as Chebeague Island.
If total withdrawals
in an area exceed available
recharge,
they will produce
long-term reductions
in the elevation
of the water table.
This may have an
adverse impact on all wells in the area, and may induce saltwater
intrusion.
Again, this effect is difficult
to predict beforehand withour area specific
estimates
of recharge and accurate estimates
of ground water withdrawals.
Both short term (seasonal)
fluctuations
in precipitation
and longer climatic
variations
may also have a significant
effect on local water table elevations,
especially
at higher elevations
on the island.
Ground water levels can be
monitored, however, and if in the long-term water table elevations
do begin to
drop, additional
withdrawals can be limited.
With respect to protection
of ground water recharge zones, a designation
od
recharge areas similar to that used for the mainland is not applicable
to
Chebeague Island.
While the bulk of the ground water recharge utilized
by the
island's
residents
most likely occurs at higher elevations,
the entire island
should be considered a primary recharge area comparable to zones IA and IB above,
and protected
accordingly
(see Recommendations
below).
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Introduction

This section sUilllilarizes information
on the background water quality
in
surficial
and bedrock aquifers
in Southern Maine, and describes
natural
sources
poor ground water quality and potential
man-made sources of ground water
contamination.
Background water quality

in Maine and natural

sources

of poor ground water

This discussion
is based on materials
obtained from Maine Department
Services,
Maine Geological Survey, and U.S. Geological
Survey.
Additional
information
can be obtained from these sources.

of

quality

of Human

The chemical quality of ground water is determined by several factors.
In
surficial
aquifers
(sand and gravel and other associated
deposits),
the primary
control is composition of the glacial
materials.
In bedrock aquifers,
the
nature of the bedrock plays an important role in determing ground water
quality.
The ground water quality will also depend on the length of the ground
water flow, since long residence
time in the aquifer will allow greater
dissolution
of soluble material
(see Caswell, 1987).
Surficial

•

aguifers

Most surficial
deposits
in Maine are derived from crystalline
bedrock, and
composed of materials
consisting
of relatively
insoluble
minerals.
Ground water
from surficial
aquifers
is generally
low in total dissolved
solids and is soft.
Except in rare cases in coastal
regions where precipitation
may contain sea salt,
concentrations
of sodium and chloride
are also low. Naturally
occurring
concentrations
of iron and manganese exceed drinking water standards
in over 25%
of analyses from surficial
aquifers
in Maine, however (Maloney and Lanctot,
1987).
These metals are found in more soluble minerals and oxide coatings on mineral
grains, and are more readily dissolved
in Maine's slightly
acidic ground waters.
High iron and manganese are among the most common problems associated
with
natural ground water quality
in surficial
aquifers.
Radon concentrations
in
ground water from surficial
aquifers
is quite low, unless the deposits
are capped
by a confining
layer of clay.
Even in these cases, concentrations
approaching
levels found in bedrock are rare .
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Bedrock aguifers
In bedrock aquifers,
water quality is also dependant in nature of the bedrock
and residence
time in the aquifer.
Ground water flow paths are generally
longer,
so residence times are greater and there is more time for dissolution
of mineral
material.
Overall,
ground water from bedrock wells have higher concentration
of
total dissolved
solids and tend to be harder than water from surficial
aquifers.
The average sodium concentration
is also higher than for water from surficial
aquifers.
Median iron and manganese concentrations
are comparable to ground water
from surficial
aquifers,
but there is still
a substantial
percentage
of wells
with iron nd manganese concentrations
above drinking water standards.
Sulfur may
be present in high concentrations
from sulfides
present in certain
types of
bedrock, but this problem has not been well studied .

...
Radon:
The median concentrations
of radon in ground water from bedrock wells is far
above concentrations
in water from surficial
aquifers.
The median radon
concentration
in ground water from bedrock wells also varies as function of
the type of bedrock and the metamorphic grade (Lanctot et al., 1985).
Radon
concentrations
are highest in ground water from wells drilled
in high-grade
metamorphic rocks and granites.
The Town of Cumberland is underlain by these two types of bedrock.
In
particular,
the northern portion of the Town underlain
by Sebago batholith
(Hussey, 1985), a two-mica granite with high uranium concentrations,
which
may give rise to high radon concentrations
in ground water.
Water from wells in
this rock type tend to yield higher than average concentrations
of radon (Lanctot
et al., 1985).
Aeration of water during use can release radon indoors, producing
health risk from the radon and its daughter products.
Simple and inexpensive
tests exist to determine whether a problem exists and simple (but not quite so
inexpensive)
solutions
are available
to removing the radon from ground water.
We
recommend that the Town encourage residents
to have new bedrock wells in
Cumberland (especially
in northern portion of the To"~) tested for radon after
completion.
The Maine Department of Human Services provides test kits at nominal
cost.
Salt water

intrusion:

Caswell (1987) provides a more complete description
of hydraulics
of the
fresh water/salt
water interface,
and this reference
should be consulted for
additional
information.
Briefly,
a wedge of fresh water develops over salt water
in coastal areas and islands as a result of the density difference
between the
lighter fresh water and the heavier salt water and because of flow of fresh water
from higher elevations
towards sea level.
The thickness
of this wedge depends on
the height

.,_,_
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.., .. t ..,. .-and slope of the land (the fresh water ground water gradient)
and on the amount of
rainfall
(or ground water recharge).
The thickness
of this wedge and position
of
the fresh water/salt
water interface
will fluctuate
with tides,
seasonal variation
in rainfall
(and elevation
of the fresh water water table) and effects
of pumping.
There are several types of occurrences
of salty walls i~ Maine.
In rare
cases, inland wells tap seawater that has been trapped in bedrock since the marine
transgression
immediately following deglaciation
(Tepper, 1980).

..

The more common occurrences
are in coastal areas.
In one case, the well is
drilled
completely through the fresh water wedge, pumps some percentage
of
seawater, and is salty immediately after it is drilled.
The solution
in this case
is to move further back from the shore if possible.
The second type of occurrence is when a well initially
provides satisfactory
water, but continued pumping or additional
withdrawals
produce contamination
with
salt water. This is a true case of salt water intrusion
induced by pumping and
excessive withdrawal.
The natural fresh water gradient
towards the ocean is
reversed by the excessive withdrawals,
and salt water is induced to flow inland
and upwards towards the well.
Salt

water

intrusion

the natural

is most likely
fresh

water

- ground water withdrawals
- well(s)

to occur when:

gradient
are high;

draw water preferentially

towards
and,

from the direction

In effect,
moderate- to high-yield
wells situated
the shore that are pumped at relatively
high rates and
zones which provide good hydraulic
connection with the
to develop problems with induced salt water intrusion.
many wells pumping at low rates can be the same as one
In order

to minimize

- be located

the risk

of salt

water

of ocean

on flat reaches adjacent to
that penetrate
fracture
ocean are the most likely
The cumulative impact of
or two high yield wells.

intrusion,

as far away from the shore

wells

should:

as possible;

- should be located with high ground behind
fresh water gradients;
should be drilled
water;

the ocean is small;

the well

to the minimum depth necessary

to assure

to yield

steep

adequate
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- should

not be pumped excessively;

·---

Ji- ..

and,

- should avoid locations
on known fracture
traces
good hydraulic
connection with the ocean.

..

>

that

might provide

As with many situations
in hydrology,
it is not possible
to predict with any
great amount of confidence whether a given well will eventually
become
contaminated through salt water intrusion.
The best approach is to minimize the
risk of induced salt water intrusion
by following prudent well drilling
and
withdrawal practices,
and carefully
monitor suspected cases for progressive
impacts on adjacent wells.
Salt water intrusion
is not the natural case; natural
fresh water flow will reverse salt water intrusion
in time, but the occurrence
salt water intrusion
is a sign of over utilization
of the fresh water resource in
an area.
Man-made sources

of ground water contamination

Existing

of potential

sources

ground water

contamination

in Cumberland

CoJIID1ercial/industrial:
This section
is incomplete pending receipt
of information
on
business in Cumberland which have registered
hazardous materials
with the Maine
Department of Labor. Appendix D and Plates BA and BB will be completed when this
material is received.

The Town landfills
at Drowne Road and on Chebeague Island are also
potential
threats
to ground water.
Both are the subject of closure plans
developed by E.C. Jordan (19B7a, 1987b).
Ground water has not been sampled
adjacent to the Drowne Road facility,
but surface water samples adjacent to
landfill
show elevated conductivity,
iron, sodium, and chloride
indicative
of dump
leachate (E.C. Jordan, 1987a).
It is not kown at this time whether the ground
water has been similarly
affected,
but in all likelihood
the ground water in the
immediate vicinity
of the landfill
is contaminated.
We tentatively
agree with the
conclusion in the E.C. Jordan report that ground water flow is likley to be quite
slow in the surficial
materials
and at the hydraulic
gradients
present at landfill
site, and at the present time no wells appear to be at risk.
The usefullness
of
existing
ground water monitoring wells near the landfill
should be checked, and,
if they are usefull,
the ground water should be sampled and analyzed.
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On Chebeague Island,
the site of the landfill
is in a very disadvantageous
position with respect to ground water recharge on the island.
The landfill
is
scheduled for closure within the year.
Analyses of ground water from nearby
residential
wells and a spring show no impact from landfill
at this time (E.C.
Jordan, 1987b).
We recommend closure of the facility
as rapidly as possible with
special care taken to reduce infiltration
through the landfill
cover.
The Maine Department of Environmental Protection
is presently
studying a
case of wells contaminated with organic solvents
on Upper Methodist Road in
West Cumberland (NUS, Inc., --).
At the present time, the source of this
contamination
is not known .

..

Underground storage

tanks:

In recent years aging underground petroleum (gasoline/kerosene/diesel
fuel) storage tanks have been identified
as a major threat to ground water
supplies.
There are a large number of reported instances
of wells, both in
surficial
materials
and in bedrock, contaminated by gasoline and other products
from leaking tanks. The Maine Department of Environmental
Protection
has a
registry
of new and existing
underground storage tanks, has mandated replacement
of certain types of old tanks by specified
dates, and has issued regulations
regarding the installation
and maintenance of new tanks.
Current registered
underground storage tanks in Cumberland are shown on
Plates BA and SB. It is not clear to us at this time whether the Town needs to
take additional
action to regulate
underground storage tanks beyond present DEP
regulations,
except to encourage the removal and replacement of older tanks.
The Town should discuss this issue further with the Department of Environmental
Protection,
Bureau of Oil and Hazardous Material Control (BOHMC).
Provided information
on the actual zone of contribution
to the Portland Water
District
wells becomes available,
the Town should ban the installation
of new or
replacement underground storage tanks within this zone.
Abandoned underground storage tanks pose an unknown threat since there is no
estimate of the number or location of tanks in Cumberland.
We feel the Town
should consider providing funding to the Conservation
Commission or other
similar group to undertake a search for abandoned tanks, and depending on results
discuss possible
actions with the DEP. Similar studies have been undertaken in
other communities,
and information
can be obtained from the DEP.

~
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Farm/agricultural:
The area of land in Cumberland used for farm purposes in the sense of cash
crops is generally
samll.
It is considerably
larger if areas used for hay
production
are included in this category.
The most significant
potential
source
of ground water contamination
in this is most likely maTiure storage/manure
spreading.
Provided practices
for storage and spreading
recommended in Maine
Department of Agriculture
publications,
Extension Service publications,
and Soil
and Water Conservation
District
publications
are properly followed,
the risk to
ground water supplies will be minimized.
The Town presently
has restrictions
on
the number of animals per acre in feedlots,
and these limits should be reviewed
(see Recommendations
below).

..

The other major agricultural
land use in Cumberland is apple orchards.
Orchards can be intensive
users of pesticides
and herbicides.
The Extension
Service provides spray guides (Appendix E) to owners of orchards describing
the
recommended products and proper procedure for applucation.
It is not clear to us
whether the Town wants to assume some role in insuring
compliance with these
guidelines.
The Maine Pesticide
Control Board has an ongoing study of pesticides
in ground water, and results
to date indicate
very limited impact on ground water
from application
of pesticides
to apple trees (Neil et al.,
1987).
Road salt/road

spray:

The are numerous instances
of wells (in both surficial
deposits
and bedrock)
contaminated
from road salt application
and road salt storage.
The Maine
Department of Environemntal
Protection
has issued regulations
regarding
road salt
storage.
Little
can be done regarding State application
of road salt (State
routes and Maine Turnpike),
but Town should consider reducing or restricting
application
of road salt in significant
aquifer
recharge zones IA and IB.
The Maine Department of Transportation
and the Maine Turnpike Authority has
active spray program for the control of brush along roadsides.
Fact sheets on the
herbicids
used recent years are included in Appendix E. In contrast
to road salt,
there is no evidence at this time for ground water contamination
resulting
from
road spray.
The MDOTruns a good spray program with careful
attention
to proper
application.
The Town may enter into no-spray agreement with the MDOTif it
wishes to maintain roadsides by other means, however.
Residential

sources:

Residential
application
of fertilizers,
pesticides,
and herbicides
present
the same potential
problems as larger scale application
in farm/agricultural
use.
Since the quantities
are smaller,
however, if they are properly applied they are

...
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unlikely to pose any threat to ground water.
The more significant
risk lies in
the improper use and/or disposal
of these products (i.e.,
overuse of a
pesticide
or herbicide,
improper disposal
of unused pesticides
or herbicides
in
spetic systems, etc.).
In addition,
the improper disopsal
of products such as
paint thinner,
etc., may also pose a threat to ground water.
Unfortunately,
the magnitude of this risk is more dependant on proper use and
disposal of the product than on housing density or potential
ground water
recharge.
The Town should consider encouraging proper use and disposal
of these
products (if it does not already do so), and in particular
provide a convenient
means of disposal for these products if one is not already available.
The Maine Legislature
examine potential
impacts

has recent directed
the Pesticides
Control Board to
from residential
use and disposal
of pesticides.

Subsurface waste disposal
systems are the most significant
threat to ground
water in a residential
setting.
Even a properly oprating system introduces
bacteria,
viruses,
and organic and inorganic contaminants
into the unsaturated
overburden and ultimately
the ground water.
The fate of these contaminants
is
complex and differs
for each contaminant.
Bacteria:
These are relatively
large microorganisms
subject to filtration
in the septic system mat and in finer soils.
Once they leave the septic
system, they are subject to inactivation
or death from physical conditions
(temperature,
pH), from adsorbtion
onto soils particles,
or from lack of
nutrients
or sufficient
oxygen.
In temperate climates,
bacteria
appear to
survive for a maximum of 60 to 100 days after leaving the septic system
(Pye et al., 1983).
Viruses:
Viruses are smaller,
more hardy microorganisms.
Unlike
bacteria,
they cannot replicate
outside the host cell,
and generally
specific
to the host (i.e.,
human viruses are not viable in most other
animals and vice versa).
They do not require nutrients
in order to survive
outlise
their host (as bacteria
do), but they are subject to inactivation
from physical conditions
(such as high temperature).
Due to their small
size, the are not effectively
filtered
by the septic mat or soil, but they
are adsorbed onto soil particles,
especially
clay.
Maximum virus survival
times in temperate climates on the order of 180 to 200 days (Pye et al.,
1983).
Organic and inorganic contaminants:
Assuming a properly operating
septic system and no improper disposal
of household solvents,
etc.,
the primary concern in this class of contaminants
is nitrate-nitrogen
(N-N). Nitrate-nitrogen
occurs naturally
as a result of biological
degradation
of human waste.
It may be a significant
health risk at
elevated concentrations,
and has been identified
as a cause of
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methemoglobinemia,
or "blue-baby"
syndrome.
The present Federal and State
drinking water standard is 10 milligrams/liter
(mg/1).
Nitrate-nitrogen
is
a conservative
chemical constituent,
i.e. it is not adsorbed onto soil
particles
or degraded through chemical or biological
reactions.
As a
result,
the only way to lower N-N concentrations
in septic effluent
is by
dilution
with ground water. Pre-treatment
via denitrification
systems
is possible,
but costly.
In order to reduce health effects
from bateria
and viruses,
the
primary interest
is in maintaining
long travel times between septic systems and
wells to provide sufficient
time for inactivation
or death of the bacteria
or
viruses.
Without any information
on hydraulic
conductivity
of the soil and
hydraulic
gradient,
this translates
to a philosphy of "the farther
the better".
This is the rationale
for the State minimum separation
of distance
of 100 feet
between well and septic system and the present Town minimum separation
distance
of
200 feet.
In coarse soils on glacial
outwash, however, even these distances
may
not be adequate.
Proper well construction
to limit the infiltration
of shallow
ground water is also important in reducing bacterial
and viral effects,
both in
dug wells and drilled
bedrock wells.
In general,
ground water velocities
will be the slowest (and travel times
the greatest)
where hydraulic
gradients
are low and the hydraulic
conductivity
of
the surficial
material
is small.
This is equivalent
to sites on flat or gently
sloping areas underlain by glacial
till
or marine clay deposits.
In contrast,
to reduce potential
health effects
from excessive
nitrate-nitrogen
concentrations,
we would like to have a large potential
recharge
to ground water and/or flux of ground water from upgradient
in the vicinity
of
the septic system.
Potential
ground water recharge is greatest
on coarse glacial
outwash deposits,
and significant
fluxes of ground water imply relatively
high
ground water velocities
(and reduced ground water travel times).
As a result,
these two potential
health risks require very different
and
conflicting
solutions
to siting
septic systems.
On relatively
impermeable soils
(developed on marine deposits
or glacial
till),
a consideration
of risk from
bacteria
and viruses would suggest that smaller lot sizes and minimum separation
distances
are permissable.
In contrast,
a consideration
of the risk from elevated
concentrations
of nitrate-nitrogen
requires
a larger minimum lot size to provide
adequate ground water recharge for dilution
(although the separation
distance
between the well and the septic system may be smaller than on glacial
outwash
provided the well is properly located with respect to the septic system).
On more
permeable soils,
the opposite is true: a consideration
of bacterial/viral
risk
would suggest larger separation
distances
between well and septic system, while a
consideration
of nitrate-ntrogen
dilution
suggests smaller lot sizes because of
the larger potential
ground water recharge.
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In each case, the limiting
factor (bacterial/viral
risk or risk from elevated
concentrations
of nitrate-nitrogen)
must be considered.
This leads to recommended
lot sizes on relatively
impermeable soils based on nitrate-nitrogen
concentrations
and well/septic
separation
distances
of 200 feet or greater on more permeable
soils developed on glacial
outwash.
Present State guidelines
for siting septic systems are primarily
concerned
with insuring that the system continues to function properly with no surface
breakouts of septic effluent
(which renders purifying
effects
of ground
water transport
through the soil nil).
They are secondarily
concerned with
impacts on ground water supplies
through minimum setbacks and guidelines
on the
maximum amount of discharge with given radius of an existing
well.
Assuming a 5% slope, the table below illustrates
anticipated
velocities
in marine deposits,
glacial
till
(high and low values
conductivity)
and silty and clean sand.
Hydraulic Conductivity
(ft/day)
----------------------

Material
--------

Effective

Porosity

------------------

ground water
of hydraulic

Velocity*
(ft/day)
--------

Marine deposits

0.0028

.05

0.0028

Glacial till
Tight
Loose

0.028
0.28

.10
.10

0.01
0.10

Silty

2.8

.15

0.93

sand

Clean sand

280.

* Calculated

.20

70.

from

Ve = Ki/ne
where Ve = seepage velocity;
gradient=
constant=
0.05;

K = hydraulic
ne = effective

conductivity;
porosity

i = hydraulic

From this table,
it is clear that State minimum separation
distances
(100
feet) are more than adequate to provide travel times in excess of 200 days
(the probable maximum residence
time for viruses)
in marine deposits
and glacial
till unless slopes (and hydraulic
gradients)
are unusually high.
Travel times in
silty sands and clean sands, however, may be considerably
less than 200 days.
They may be as low as 2 days or less in clean sands if the ground water flow path
is directly
to a dug well or well point.
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In sands, separation
distances
of 200 feet will provide travel times of 200
days or more except in the most permeable materials
with hydraulic
conductivities
in excess of 3 feet/day.
We do not feel it is realistic
to set minimum separation
distances
based on these materials,
especially
using the maximum viral residence
times.
Instead,
special
care in the location
of septi~_system
and well sites on
these materials
can provide additional
protection.
In particular,
wells should always be located upgradient
of the septic system
if at all possible,
especially
on permeable soils.
Wells directly
downgradient
from a spetic system should be avoided unless there is absolutely
no other
alternative.
This is both to avoid contamination
from bacteria
and viruses
and to
avoid nitrate
recycling,
which can lead to rapid increases
in nitrate-nitrogen
concentrations
in the well.
If a well must be located downgradient
from the
septic system, it should be a drilled
bedrock well, and care should be taken to
insure good seating
of the casing in the bedrock.
If shallow fractures
are
encountered,
extra casing should be used to seal off these fractures.
After an
initial
test of the water following well completion,
periodic
sampling and
analysis
of the water is recommended (possibly
on an annual basis).
If these precautions
are taken, well/septic
on marine deposits
and glacial
till
and 200 feet
adequate protection.

separation
on glacial

distances
of 100 feet
outwash should provide

In subdivisions,
cluster
subsurface
waste disposal
systems may be an
alternative
to individual
septic systems.
In particular,
waste disposal
in a
properly located cluster
system minimizes the potential
for well/septic
interference
in a development.
However, because of the volumes of effluent
to be disposed of, local impacts on ground water quality
on adjacent properties
may be a problem.
A study to determine the on-site
and off-site
impacts should be
required for any cluster
disposal
systems (see Recommendations below).
Cluster
systems also require additional
maintenance
(in spite of contractors'
arguments to
the contrary),
and as such may be slightly
more prone to failure.
In the event of
a failure
involving
larger volumes of waste, the effects
would immediate.
As a
result,
we recommend that where a developer cannot provide access to a sewer
system, the Planning Board encourage the use of individual
systems over a cluster
system.
Relative

significance

of potential

sources

"Significance"
itself
is a relative
either economic or public health terms.
when evaluating
the relative
significance
contamination.

of ground water

contamination:

term.
A risk may be significant
in
We chose to consider public health risks
of potential
sources of ground water

'.
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Clearly,
threats
to the Portland Water District
wells are most significant
in terms of number of people at risk.
We recommend that the Town work with
Portland Water District
to identify
the radius of influence
and zone of
contribution
to the wells, and institute
appropriate
land use controls
in these
areas (see Gerber, 1978).
We feel the next most significant
potential
source of contamination
in
Cumberland is septic systems.
The impacts from these systems affect the largest
number of people, even though the effects
may not be as dramatic as a leaking
underground storage tank.
Potential
future problems with ground water quality can
be minimized by implementing recommended densities
based on potential
ground water
recharge and ground water quality
and recommended separation
distances
(see
Recommendation below) .

..

Excessive concentrations
of radon may affect a significant
number of
bedrock wells, especially
in northern portion of the Town. As a result,
we
recommend that the Town provide information
to residents,
builders,
and
developers
reagrding radon testing
and radon removal.
Following this, and in no particular
order, we would rank the remaining
potential
sources of ground water contamination:
risk from Town landfill
sites;
risk from underground storage tanks; risk from road salting;
risk from improper
use/disposal
of pesticides
and herbicides;
risk from improper storage/application
of manure.

.""
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Introduction

In the RFP, we were specifically
requested by the To~~ to determine housing
densities
in sewered and non-sewered areas of the Town, and recommend safe housing
densities
based on ground water quality
considerations
in sewered and non-sewered
areas.

As discussed above, the principal
sources of contamination
from residential
sources in sewered areas may include rare underground storage tanks, but otherwise
are limited to occasional
contaminant
spills,
improper application
of fertilizers,
pesticides,
and hebicides,
and improper disposal
of unused fertilizer,
pesticides,
and herbicides.
We have no evidence for contamination
of wells on adjacent
properties
from these types of sources,
however, so we do not consider these to be
a serious threat to ground water quality.
In non-sewered areas, the same minimal threats
from rare underground tanks,
spills,
and misuse of fertilizers,
pesticides,
and herbicides
are present,
but the
much more significant
threat to ground water comes from subsurface
waste disposal
systems.
Even a properly functioning
system will introduce bacteria,
viruses,
and
organic and inorganic contaminants
into the ground water.
A malfunctioning
system
will increase
the amount of these contaminants,
and use of a septic system for
improper disposal
of waste solvents,
etc. will further
increase
the problem.
The Town also requested
that we propose approaches for evaluating
the
cumulative impact of development on ground water quality
in the Town. This
problem differs
from evaulating
site specific
impacts on adjacent properties.
Site specific
impacts deal with impacts on adjacent
properties
and wells, whereas
cumulative impacts deal with long-term average ground water quality over larger
areas.
It is impossible to deal with truely site specific
impacts in a study of
this type.
We can look at housing densities
and nitrate
loading rates that will
minimize the likelihood
of adverse impacts on adjacent properties,
however, and
that is the approach taken here.
Some approaches to evluating
site specific
impacts are presented
in Appendix F .

..
•

Methodology

Housing density per se is useful in evaluating
the potential
impacts from
non-septic
system sources,
but in order to evaluate
impacts from septic waste,
what is really needed is an estimate
of either
the total amount of waste
discharged
into the septic systems or rate of waste discharge.
A decision was
made to determine the septic
loading rate in the non-sewered areas of the town in
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order to evaluate
the present impacts of subsurface
waste disposal.
This decision
was based on the relative
significance
of impacts from subsurface
waste disposal
as as opposed to other sources of potential
residential
ground water
contamination.
The maps we generated are restricted
to the non-sewered areas, but
an inspection
of the map showing areas served by sewers and public water provides
a good estimate
of housing density in the sewered areas.
In_general,
the housing
density in these areas appears comparable to the maximum density in the
non-sewered areas.
The approach

we followed

in developing

the septic

loading

rates

in the Town

was:
we obtained the most recent revision
of the Town lot map at a scale of
1 inch equals 1000 feet (twice the scale of the maps included in this
study).
- using Town tax records,
we determined the
This number was written
in each lot on the
large lots,
it was assumed that the house
adjacent to the road or right of way into
- a 500 foot x 500 foot grid
equal area (250,000 square

number of bedrooms on each lot.
working copy of the map. On
(and septic system) was located
the property.

was drawn dividing
the Town into
feet or roughly 5.7 acres).

- the number of bedrooms in each grid cell was totaled
grid cell on a second working copy of the map.
- the annual nitrate
load per year per square
each grid cell assuming:

foot

grid

and written

cells

of

into

the

was then determined

for

- discharge
flows of 120 gallons per day (GPD) per bedroom (moderate
flows according to the State code)
- average concentrations
the effluent
leaving
the water table

of 40 milligrams/liter
the septic leach field

- grid cells were then shaded according
year per square foot:
- cells

-

with no nitrate

loading

nitrate-nitrogen
in
or chambers and reaching

to the range
were left

- cells with some waste loading (and nitrate
into the following ranges:
26-186 mg N-N/yr/sq ft
212-371 mg N-N/yr/sq ft
398-744 mg N-N/yr/sq ft
greater than 770 mg N-N/yr/sq ft

of nitrate

loading

per

blank
loading)

were grouped

T
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The reasoning

for selecting

these

ranges

will

become apparent

The resuting maps (Plates 9A and 9B) show the nitrate
throughout Cumberland and on Chebeague Island.
(NOTE: Where a grid cell was cut
nitrate
loading rates in the two
using the number of bedrooms and
point, it preserves
the integrity
Housing density

in non-sewered

loading

below.
rates

by a primary or secondary drainage divide, the
drainage basins were calculated
individually
cell area in each basin.
While this is a minor
of the maps.)

areas

Since the nitrate
loading rate was calculated
based on the number of bedrooms
per 500 ft x 500 ft cell, the same plates that show nitrate
loading rate also can
be used as bedroom density maps. Assuming some average number of bedrooms per
single family home (2.5 is a reasonable average),
the number of single family
homes per acre can be estimated.
The conversion factor from the nitrate
loading rate (in mg N-N/yr/sq ft) to
the number of bedrooms per grid cell is approximately
26.5.
Each grid cell has an
area of 500 ft x 500 ft equal to 250,000 sq ft, or roughly 5.7 acres.
Using these
factors,
the same shaded areas on Plates xx and xx represent
the following number
of bedrooms per acre:
-

blank cells have no bedrooms
less than 1.25 bedrooms/acre
1.25-2.5 bedrooms/acre
2.5-5.0 bedrooms acre
greater than 5 bedrooms/acre

Or, assuming 2.5 bedrooms per single
housing densities
of:
grid
etc.
cell
grid
the

family

home, average

single

family

blank cells have no homes
less than 0.5 homes/acre
0.5 to 1.0 homes/acre
1.0-2.0 homes/acre
greater than 2.0 homes/acre

These values cannot be converted to average lot sizes,
however, because a
cell may take in portions
of undeveloped lots adjacent
to developed lots,
The average housing densities
also represent
just that, averages for a grid
calculated
based on the number of bedrooms listed
in the tax records and the
we used.
Using a different
grid could change the resulting
map slightly,
but
overall pattern of nitrate
loading and bedroom density would remain the same.
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Septic

loading

rates

in non-sewered
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areas

The distribution
of nitrate
loading in the mainland portion of the Town
(Plate 9A) shows a predictable
pattern
of waste discharge along the major roads
and in-and-around
Cumberland Center, West Cumberland (near Forest Lake),
Cumberland Foreside,
and the southern end of Broad Cove: Areas of new development
(Bruce Hill Road north of Tuttle Road; Oak Ridge Road) also show relatively
high
loading rates.
On Chebeague Island,
nitrate
loading is concentrated
at the
eastern and western ends of the island and along the southern side of the island.

..

As discussed above (in the section on contamination
from septic systems)
nirates
are conservative;
the concentration
of N-N in ground water is reduced
primarily
through dilution
with ground water.
The source of ground water for
dilution
is ground water recharge from precipitation.
(This is a conservative
approach; it
assumes septic effluent
will not mix vertically
with ground water
flux entering the site from upgradient
and/or the ground water flux from
upgradient carries
significant
background N-N from septic systems upgradient.)
Assuming that all the ground water recharge from precipitation
that falls on a
house lot is available
for dilution
of nitrates
from the septic systems in an area
(a reasonable assumption when calculating
long-term average nitrate
concentrations
over an area, but not a reasonable
assumption when calculating
site specific
impacts), the amount of area required to dilute the nitrate
discharged annually
per bedroom can be calculated
as a function of the potential
ground water recharge
rate.
The annual nitrate
load from a single bedroom (assuming a moderate daily
discharge of 120 GPD/bedroom and a concentration
of 40 mg/1 N-N in the effluent
reaching the water table) is:
120 GPD/bedroom x 365 day/yr
= 166,000

I/yr/bedroom

= 6,640,000

x 3.79 1/gal
x 40 mg N-N/1

mg N-N/yr/bedroom

The volume of ground water recharge required to dilute this quantity of
nitrate
to the Federal and State <linking water standard of 10 mg/1 can be
calculated
from the mass balance equation:
10 mg/1 = 6,640,000
Solving

for Vr, the recharge

Vr = 498,000

mg N-N/yr/bedroom

/ (166,000

+

Vr) liters

volume, we get:
1/yr.

The area required to supply
function of recharge rate is:

this

amount of ground water

recharge

as a

.,

.,••·t,:.:,
_:::·-·rage
Recharge
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Minimum area

rate

0.5 ft/yr

(marine

deposits)

1.0 ft/yr

(glacial

till)

2.0 ft/yr

(glacial

outwash)

35,133 sq ft

(0.807

acres)

17,566 sq ft_ (0.403

acres)

8,783 sq ft

(0.202

acres)

Or, put another way, on marine deposits ground water recharge occuring over
1 acre can dilute waste from up to approximately
1.25 bedrooms; on glacial
till,
recharge occuring over 1 acre can dilute waste from up to 2.5 bedrooms; and, on
glacial outwash recharge occuring over 1 acre can dilute waste from up to
5 bedrooms.
It must be stressed
here that these estimates
are averages based on a number
of estimates
and assumptions.
In addition,
they only apply to long-term average
ground water quality over an area, not site specific
cases.
These estimates
will
ultimately
form the basis of our recommendations for housing density in
non-sewered areas, but the assumptions used in reaching these estimates
must be
understood.
Returning to Plates 9A and 9B, the selection
of the ranges of nitrate
loading
rates on the map are now apparent.
On marine deposits
(with a potential
ground
water recharge rate of less than 0.5 feet/year),
grid cells with estimated nitrate
loading rates greater than 186 mg N-N/yr/sq ft have insufficient
recharge to
ground water from precipitation
to dilute the nitrate
concentrations
to below the
10 mg/1 drinking water standard.
Comparison of the loading rate from Plate 9A
with either
the plate showing surficial
geology or potential
ground water recharge
will show those areas where the loading rate exceeds levels that indicate
long-term average nitrate
levels greater than the drinking water standard.
Similarly,
on glacial
till
(potential
ground water recharge between
0.5 and 1.0 feet/year)
estimated nitrate
loading rates in excess of
371 mg N-N/yr/sq ft indicate
long-term average nitrate
concentrations
above the
drinking water standard.
On glacial
outwash (potential
ground water recharge
between 1.0 and 2.0 feet/year)
estimated nitrate
loading rates in excess of 744 mg
N-N/yr/sq ft indicate
long-term average nitrate
concentrations
above the drinking
water standard.

-

On Chebeague Island, where the potential
ground water recharge is on the
order of 0.5 to 0.75 feet/yr,
loading rates in excess of 212-318 mg N-N/yr/sq ft
indicate the potential
for long-term average nitrate
concentrations
above the
drinking water standard.
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Plates 10A and lOB show cells where the estimated
loading rates exceed the
capability
of potential
ground water recharge to dilute
the long-term average
nitrate
concentrtaion
to less than 10 mg/1.
It shows areas where development has
reached or exceeded the practical
limits based on potential
ground water recharge
and calculated
long-term average nitrate
concentrations.
(On Chebeague Island,
areas with loading rates in excess of 212 mg N-N/yr/sq ft were considered
potentially
overdeveloped.
This may overestimate
the area shown as overdeveloped
on Plate lOB by approximately
25%.)
It does not follow that the ground water quality
in these areas is unsafe,
however.
Taking a larger area into account would provide additional
potential
ground water recharge,
and the long-term average nitrate
concentrations
in the
groudn water over this larger area could be within the drinking water standard.
Additional
development within and adjacent to the blackened areas on Plates lOA
and lOB should be examined closely for adverse impacts on local ground water
quality,
however.
The question of regional
ground water quality
and the
cumulative impacts of development over larger areas is considered
in the next
section.
Cumulative

impacts

of development

on ground water

quality

Cumulative impacts consider the impacts of gradual development on ground
water quality
in an area.
Continued development in an area may lead to local
problems with ground water quality
in neighboring
wells.
The analysis
above
provides recommended housing densities
that we feel will minimize the risk of
local adverse impacts.
When considering
impacts on regional
ground water quality,
we must look at
larger areas than the grid cells considered
above or even clusters
of grid cells.
Our approach is to look at drainage basins where the total annual recharge to
ground water is fixed and can be estimated.
This analysis
provides an index of
the degree of development within the drainage basin.
This index can act as a flag
to indicate when practical
development limits are being reached and when more
detailed
studies may be required
to provide assurances
that development will not
have adverse impacts on ground water quality.
(This index should be used in the
same way as the loading rates on Plates 9A and 9B should be used to flag smaller
areas where additional
developement should be examined closely for potential
adverse impacts on ground water).

,,.

The regional,
basin-wide
ground water quality
indices were determined using
the following method.
(The Piscataqua
River basin (which has a large portion of
its basin upgradient
and outside of Cumberland), the small basins along the coast
(that discharge
directly
into Casco bay), and Chebeague Island cannot be treated
in this manner, however.
Areas which should be examined closely prior to
additional
development should come from Plates 9a and 9B or Plates lOA and lOB.)
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To calculate
method:

the regional

ground water quality

indices

we used the following

- the area of each of the drainage basins on Plate xx was measured, and the
percentage of the area occuring upgradient
and outside of Cumberland (where
it was not possible
to determine the number of bedrooms) was determined.
- the total number of bedrooms in each drainage basin was determined
working map used to determine the nitrate
loading rates.

from the

- assuming the upgradient
portions of the basins outside of Cumberland are
developed to a comparable extent to the areas inside Cumberland, the total
annual nitrate-nitrogen
load (in milligrams
of nitrate-nitrogen
per year)
was calculated
for the basin .

•

- the percentage of each basin covered by marine
outwash deposits was determined.

deposits,

glacial

till,

or

..

- the range of potential
ground water recharge over the basin was calculated
using the areas of marine deposits,
glacial
till,
and outwash deposits
in
the basin and the range of potential
ground water recharge rates discussed
above.
- the basin-wide,
long-term average nitrate
concentration
in the ground water
was calculated
by dividing the total annual nitrate
load by the total
potential
ground water recharge.
The resulting
index (equivalent
to the basin-wide,
long-term average
nitrate-nitrogen
concentration
in the ground water in milligrams/liter)
provides a
measure of development in the basin.
The higher the index, the greater the amount
of development.
Values approaching 10 indicate
the capacity of the annual ground
water recharge to dilute additional
nitrates
from subsurface
waste disposal
to
below State drinking water limits on a basin-wide basis is limited.
Table 2 presents
the results
of these calculations.
The two indices
calculated
for each basin are based on conservative
(low) estimates
of potential
ground water recharge and less conservative
(higher) estimates
(see footnotes
on
Table 2 for the exact recharge rates used.)
As might be expected,
the Upper East
Branch Piscatqua River basin (which includes the heavily developed area around
Cumberland Center) has the highest index - between 3.75 and 5.80 depending on the
estimate of potential
ground water recharge used in the calculation.
The
remaining basins all have maximum indices less than 3.0.
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Table2: Basin-wide
ground
1,aterquaJityindicesfor Cumberland,
Hai.ne

----- ----- ------- ----- --

p

Mea

Basin

----- ------ ---- --- - ----- ------ ----- ----------

(sq ft)

PetTent Percent Pet-cent
Clay
Outwash Till

Estimated
Recharge

bedrnoms

Total

Total
nitrate
(mgN-N/yr)

--------

-----------

++
----------

..

I/orth1,est
Cumber
land

94,750,000

Methodist
Road

38,000,000

.06

11.0

66.0

23.0

l,4'?0,778,11'1

A

B

338

2,387,603,234 1.70

.95

2,672,6561267
.::...7

64.0

19.0

17.0

f;83,36l,072
1,675,154,228

193

1,804,979,493 2.~~3

I. 52

171,000,000 .14

22.0

24.0

54.0

2,957,105,052
4,605,327,540

6€,3

51 119,03H,419 2.01

1.29

UpperEast
162,500,000 .38
EranchPiscataqua
R.
..1ver

28.0

14.0

s:::.o

2,948,316,800
4,560,677,550

/iO

10,6D2,708,387

t,.O

2J.0

73.0

i::JE:,ll5,3t~3
l, 072,811,t,E::::

54

35E:,
5t,4,320

Jl.O

44.0

4t,.O

571,519,872
90'3
, 30:::
, 3t2

140

1,207,2t:7,273 2.74

- .JJ

.0

E:l.0

]9.0

804,40'c:,550
1,455,979,476

Jt,9

1,122,173,520 J.40

.!I

Hill Brook

'),-1

Lm1e,·
Ec:st
54,450,000
BranchPiscati1qua
River

.OD

Cumberland
Foreside

36,000,000

.d

Chenery

56,750,000

.00

o~

Brook

P is the percentof the ffrainage
basinthat is upgt·adient
andoutsideof Cumberland.

Thelrniestimateof ,·echarge
usedthe foJlrniing
rechargerate:
Hari ne deposits
Glacialtill
Glacialoutw,d,
.,

Index

0.5 ft/yr
0.5 ft/yr
l.O ft/yr

Thehighestimateof rechargeusedthe following
rechargerates:
Marine
deposits
Glacialtill
Glacialoutwash

0.5 ft/yr
I. 0 ft/yr
2.0 ft/yr

Fm·the indices,Ai,ascalculatedusingthe lrniestimateod recharge
andBw,lS
calculatedusingthe highestimateof recharge.

s.:;v

3.75

. 44

.33

1 ,~

~,
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These indices are specific
to the drainage basins selected.
If smaller
sub-drainage
basins were selected
for calculating
the indices the proportion
of
developed to undeveloped land in the basin would change and the proportions
of
marine deposits/till/glacial
outwash would change.
For example, if the smaller
sub-basin comprising the upper 1/3 of the Upper East Branch Piscatqua River basin
(and containing
the heavily developed area around Center Cumberland) was
identified
as a separate sub-basin,
the calculated
index would lie between 4.7 and
8.9, reflecting
the fact that the much less developed lower portion of the Upper
East Branch Piscataqua
River basin balances the development around Cumberland
Center in the larger basin.
As a result,
these indices do not provide an absolute
measure which can be used to determine whether additional
proposed development
should or should not be allowed.
As stated above, they do provide an indication
of when practical
limits on development (from a ground water quality perspective)
are being reached in a basin or sub-basin.
A more conclusive measure of cumulative impact in an area (such as a drainage
basin) would be to develop a numerical model of ground water flow and solute
transport
for the basin.
This type of model would allow the estimation
of ground
water quality at specific
locations
within the basin as the basin becomes more
developed, as opposed to looking at just long-term average ground water quality
throughout the basin.
The results
obtained from this more sophisticated
model
would be comparable to results
obtained from local impact studies.
This type of
model is described more fully in Appendix F.

!
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Cha.12_ter

6:

Heco:n:unen<la.tions

Introduction

As a part of this study we were specifically
requested ~o recommend and
provide the technical
justification
for approaches to protecting
and preserving
the Town's ground water resource,
including:
- recommend maximum safe housing densities
to protect
from adverse impacts due to septic disposal
systems
- evaluate present State minimum separation
systems and recommend minimum separation
water quality;
recommend approaches for minimizing
ground water quantity and quality;
- review and make recommendations
aquifer protection;

distances
distances

the adverse

for updating

ground water
and/or other

for wells and septic
based on ground

impacts

of development

the Town's zoning

- recommend approaches for addressing
the long-term
development on the Town's ground water supplies.

supplies
causes;

cumulative

on

ordinance

impacts

on

of

The recommendations included in this section are based on the information
and
analysis
in the preceeding chapters.
Our purpose is to provide clear guidelines
to the Town on the necessary technical
intent of any ordinanaces
subsequently
put
into effect.
The Town should consult with agencies and organization
experienced
in drafting
resource preservation
ordinances
(the Maine State Planning Office,
the Greater Portland Council of Governments, and the Southern Maine Regional
Planning Commission) and with their legal counsel prior to adopting specific
ordinance language .
Housing density

•

in sewered

areas

We found no persuasive
evidence that potential
sources of ground water
contamination
associated
with residential
land use other than subsurface
waste
disposal have had a significant
impact on ground water quality
in Maine.
These impacts depend on the proper use and disposal
of fertilizers,
pesticides,
herbicides,
etc.,
as opposed to housing density.
As a result,
we can make no
recommendation on housing densities
in sewered areas based on ground water quality
considerations.
Minimum lot sizes should be based on other factors.

.,.__
'··-

j~;

·;;,.__~!°'''

Housing density

in non-sewered
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areas

Our primary recommendation is based on potential
ground water recharge and
ground water quality.
In the case of subdivisions,
it is also necessary to
consider the cumulative impact of the additional
devel~pment on regional
(basin-wide)
ground water quality.
For single-family
and two-family
recommend the following densities:
- for single-family

and two-family

homes on lots

not requiring

homes not considered

subdivison,

we

subdivisions:

on areas with potential
ground water recharge of 0.5 ft/year
less,
density not to exceed 1.25 bedrooms/acre;

or

on areas with potential
ground water recharge
density not to exceed 2.5 bedrooms/acre;

of 0.5 to 1.0 ft/year,

on areas with potential
ground water recharge
density not to exceed 5.0 bedrooms/acre,

of 1.0 to 2.0

unless a study of the impact of higher densities
quality on adjacent properties
shows no adverse
densities.

ft/year,

on the ground water
impacts from higher

For subdivisions
of single-family
and two-family homes, if both water and
sewer are provided by the developer,
then the minimum lot size/housing
density
should be determined based on other considerations.
If the Planning Board grants
a waiver and allows for private
subsurface
waste disposal
systems, we recommend:
- for subdivisions
of single-family
and two-family
for private subsurface waste disposal
systems:

homes receiving

a waiver

on areas with potential
ground water recharge of 0.5 ft/year
less,
density not to exceed 1.25 bedrooms/acre;

•

or

on areas with potential
ground water recharge
density not to exceed 2.5 bedrooms/acre;

of 0.5 to 1.0 ft/year,

on areas with potential
ground water recharge
density not to exceed 5.0 bedrooms/acre,

of 1.0 to 2.0

ft/year,

., • ii,-..;_.

.
~

,......,__

--...,..,~

....
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unless
a study of the cumulative impact of higher densities
shows no
adverse impacts on the ground water quality on adjacent
properties
from the higher densities,
an1_
a study of the cumulative
impact of the development shows no adverse
impacts on the regional
ground water quality
from the higher
density .

..
..

The intent of these studies
is to require,
at a minimum, that densities
greater than those recommended on the basis of potential
ground water recharge
will not adversely affect the quality
of local ground water supplies.
In the case
of subdivisons,
the additional
requirement
for assurances
that regional
ground
water quality will not be adversely
affected
should provide for long-term
protection
of the ground water resource.
Note that these recommendations
deal with the number of bedrooms/acre,
and
not lot sizes;
this is because these densities
are based on the waste discharge
(which is related
to the number of bedrooms) versus potential
ground water
recharge.
Other considerations
(such as aesthetics)
may actually
govern minimum
lot size.
·
With respect to setbacks of septic systems from surface water bodies and
wells, the concerns involve not only inorganic nitrates
but bacteria
and viruses
as well.
When considering
bacteria
and viruses,
the distance
required between a
properly operating
septic system and a well depends both on the ground water
travel time from the septic system to the well and the nature of the well.
In any
event, we strongly
recommend that the Town encourage sensible
location
of wells
upgradient
from septic systems, of, if the well in already in place, septic
systems downgradient from wells.

•
•

The present 100 foot separation
required by the State for new wells and
septic systems in most likely adequate for new drilled
wells and properly
installed
and operating
septic systems.
The only exception may be in the case of
drilled
wells in glacial
outwash material,
where ground water travel times may be
excessive and where a significant
amount of recharge to the bedrock well may come
from the overburden directly
above the well (particularly
if shallow fractures
are
present).
In the case of dug wells, points,
or springs
(almost always in
relatively
coarse overburden materials
- outwash or loose till),
we recommend that
the Town maintain the 200 foot separation
distance between wells and septic
systems.
Our recommendations can be summarized as:
for dug wells,
well points,
or springs,
should be located a minimum of 200 feet
spring;

subsurface
waste disposal
systems
from the dug well, well point, or

~

- for drilled

,:·-
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wells:

in marine deposits,
glacial
till,
or similar material,
septic system should be located a minimum of 100 feet
drilled
well, and

the
from the

in glacial
outwash or similar material,
the septic system should be
located a minimum of 200 feet from drilled
well unless a study
indicates
the ground water travel time from the septic system to the
well is in excess of 200 days.
in no event should a septic
from a drilled
well .

..

Impacts

on local

ground water

system be located

les~

than

100 feet

supplies

Because of possible
reductions
of the local water table elevation
caused by
reductions
in ground water recharge from development and the increase
in
ground water withdrawals
from private wells in an area, if a developer is granted
a waiver for private water supplies we recommend that:
for subdivisions
of single-family
and two-family homes receiving
a waiver
for individual
private water supplies,
the developer should provide a study
demonstrating
no adverse impacts from the cumulative
impact of development
and additional
ground water withdrawals
on local ground water levels and
availability
of ground water supplies
on adjacent properties.
for subdivisions
of single-family
and two-family homes receiving
a waiver
for private water supplies
and planning one or more wells to serve as a
community water supply, the developer should provide a study demonstrating
no adverse impacts from the cumulative
impact of development and additional
ground water withdrawals
on local ground water levels and availability
of
ground water supplies
on adjacent properties.
This is similar to DEP requirements
for community water supplies
serving
cluster
developments.
In this case, we feel it is necessary
to extend it to the
cumulative impacts of private wells serving single-family
and two-family homes.
Aquifer

protection

and ground water

recharge

zone protection

The present aquifer protection
ordinance deals primarily
with perrnissable
uses.
The present language relatively
simple in comparison to other communities,
but a complete revision
is beyond the scope of this study; as a result,
we
recommend:

,h-·--:......

-~
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- the Town Planning Board enter into discussions
with The Greater
Portland Council of Governments or other appropriate
agency to produce
comprehensive aquifer protection
ordinance dealing with land use.

a

With respect to impacts associated
with single-family
o~ two-family homes, we
make the following recommendations on bedroom density on the aquifer and
associated
recharge areas in non-sewered areas:
- On recharge areas designated
IA or IB, no development beyond the densities
recommended on the basis of ground water recharge and water quality
should
be allowed.
These densities
are:
- on areas with potential
ground water recharge
less, not to exceed 1.25 bedrooms/acre;

..

on areas with potential
ground water
not to exceed 2.5 bedrooms/acre;

recharge

on areas with potential
ground water recharge
not to exceed 5.0 bedrooms/acre.

of 0.5 ft/year
of 0.5

or

to 1.0 ft/year,

of 1.0 to 2.0

ft/year,

On recharge areas designated
II and III,
no development beyond the
densities
recommended on the basis of ground water recharge and water
quality
should be allowed unless a local study by a certified
geologist
hydrogeologist
shows no adverse impact on water quality
or quantity on
adjacent properties
and a regional
study by a certified
geologist
or
hydrogeologist
indicates
there will be no significant
impact on water
quality
in the aquifer .

The requirement
on the water quality
cumulative impact of
the aquifer recharge

or

of a regional
study to assess the impact of the development
in the aquifer has the same effect
as a study on the
the development required
for subdivisions
in areas outside of
zones.

On Chebeague Island,
we feel the entire
island should be considered
an
aquifer recharge zone comparable to zones IA or IB, and we recommend restriction
on land use similar
to those eventually
adopted for these zones on the mainland.
Specifically,
we recommend no residential
development beyond the densities
recommended on the basis of ground water recharge and water quality.

•

On Chebeague Island,
potential
ground water recharge is estimated
to be on
the order of 0.5 to 0.75 ft/sq
ft/year,
and no development beyond a
residential
density of 2.0 bedrooms/acre
should be allowed.

...;;:...,.,-:..-.
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Acquisition
of open-space for aquifer or aquifer recharge zone preservation
should be concentrated
in recharge zones IA and IB, including
areas on the upland
portions
on Chebeague Island .
Long-term cumulative

impacts

of development

on Cumberland's

ground water

sypply

With respect to the long-term cumulative impacts of development on the Town's
ground water supplies,
both ground water quantuty and ground water quality must be
considered.
In both cases, adverse impacts are related
to development density.
The amount of ground water recharge in an area (drainage basin or island)
is fixed
within limits and varies with annual precipitation
and other climatic
factors.
As
a result,
the amount of ground water available
for extraction
or for dilution
of
septic effluent
is fixed within limits as well.
As discussed
above, there may at present be instances
of reduction
of the
local seasonal water table in certain
parts of Town caused by reduction
of ground
water recharge due to development and pumping of ground water for private
residential
use.
Continued development,
particlularly
on drainage divides where
the effects
are exaggerated,
may aggravate existing
situations
or produce
additional
local problems.
In general,
however, if the densities
recommended on
the basis of potential
ground water recharge and ground water quality
are
maintained,
the long-term availability
of ground water supplies
should not be a
major problem except in these local instances.
Similarly,
if the densities
recommended on the basis of potential
ground
water recharge and ground water quality are maintained
for new developments,
the
regional,
long-term average ground water quality
should remain at acceptable
levels except in those areas where development densities
already exceed these
limits.
In these cases, some local water quality problems may exist and
additional
development,
even at recommended densities,
will produce long-term
average ground water quality problems.
This will be mitigated
to some degree by
the fact that full development at the recommended densities
cannot occur; that
some green space will always be preserved
in an area.

•

However, we feel that the most significant
action the Town can take at this
time to improve both present-·day
local ground water quality
and long-term
regional ground water quality
is to reduce the amount of subsurface
waste disposal
in those areas that are presently
at or above the recommended development
densities.
In particular,
we reconnoend that municipal sewers be extended to
include the bulk of the area north of and in-and-around
Cumberland Center and
in-and-around
Cumberland Junction.
In addition,
we recommend that the Planning
Board examine carefully
any requests
from developers
for waivers to allow private
subsurface waste disposal
in the upper protions
of the Upper East Branch
Piscataqua
River sub-basin
and the central
portion of the Mill Brook sub-basin.

-..,,-,.;..;··,,_
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